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Is it possible to Induce a fast de-excitation of the
16+ isomerlc state in 17eHf?
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Post Office Box 1663

Los Alamos, NPW Mexico 87545

Abstract.—

The 16+ level of 17’Hf at 2.446 MeV is interpreted as a

four-quasi-particle state with K = 16. It decays mainly to a

13- level at 2.433 MeV, a member of rotational band built on a

two-quasi-particle 8- state (K = 8) at 1.1474 MeV. The 13-keV

transition is > 99% E3 character and occurs predominantly

through internal conversion. The five-times K-forbidden E3’

transition has a large hindrance factorl the half-life of the

16+ state is known to be 31 years.

If this isomeric nucleus can be induced to release its

energy quickly, the resultlng energy release would be 6 orders

of magnitude mGre energetic per rea~tfon than that for existing

high explosives.

The following mechanisms to enhance de-excitation of this

isomer are presented for discussion:

1. inelastic scattering of high-energy neutrons!

2, inelastic scattering of a high-t?nergy, hfgh-lntens~ty

electron beam; and

3. interaction with intense photon fields (rf, lasert

x rays Y ray).

Experiments to explore surh de-excitation mechanisms are

being discussed.



Introduction—.—

In “Table of Isotopes” (7th edition) by Lederer and

Shirleyl there are about 24 excited nuclei with half-lives

longer than a month. The excitation energies vary from a few

keV to a few MeV.

An example of a promising isomer is the 31-yr half-life

excited state of 17’Hf with an excitation energy of 2.446 MeV.

Macroscopic quantities of this isomer have been created in the

LAMPF beam stop.2 It can also be created by neutron capture

of 177Hf (a stable isotope with relative abundance of 18.6%)

with a production cross section of (2 t 1) x 10-7 barns.3

In evaluating possible exploitation of these energetic

nuclei, the central questions are

1. What are possible mechanisms of inducing rapid de-

excitation?

2. Hod mucl is the natural nuclear decay rate enhanced?

We first review existing information for the 1’@Hf

nucleus. The detailed description that follows indicates that

the gross features of the nucleus can be understood with

existing nuclear models. We then discuss several schemes for

inducing rapid de-excitation. We close by considering experi-

ments that could be attempted in Los )llamos.

The Structure of the ‘7’Hf Nucleus-———.— ------ —--- ----- —---—-

The high-spin lsomeric

and Reich.4 Subsequently,

been reported. The partial

of the lsomeric state 1s

state was first reported by Helmer

several detailed studles3~5-9 have

level scheme populated by the decay

shown in Fig. 1. Combined with

additional lnformationpl~lo about sixty levels exist below

3 MeV with reasonably well-known spin and parities. A most all

of these levels can be fitted as members of different rota-

tional bands with standard formulas:



E(I) = Cl + C21(I+1) + C312[I+1)2, (K + 1) and

E(I) = Cl + C21(I+1) + C312(I+1)2 + (-1)( 1+1) I(I+1)(C4 + C51(I+1)),

(K=l).

The fitted results are plotted in Fig. 2. Many rotational

band heads can be considered as two- or four-quasi-particle

states. The relative positions of single-particle orbltals are

shown In Fig. 3.4

The ground state is asslgned3 as (74[404]P);+, (~a[514]n)~+.

The two 8- states at 1147.4 and 1479.0 keV are considered as

mixing of two-quasi-particle states from the

{’/2[624]n + 7/~[514]n}B-and {%[404]P + “2[514]P}8-

configurations.4 The two 1- statss at 1310.0 and 1513.7 keV

may be considered as mixing of the same two-quasi-particle

configurations aligned in the opooslte direction, that is the

mixing of {’/2[624]n - 7/a[514]nl~- and {S4[514]P - 7;Z[404]P11-.

The 2- state at 1260.5 keV is considered as the two-quasi-

oarticle state {’/z[5l2]n - ‘/z[624]n12-. The 4+ state at

1514 keV may be {7/2[514]n + ‘/a[510]n}4+ and the 6+ state at

1SS4 keV may be {7/2[404]P + ‘/a[402]p}6+ (Ref. 7).

The 14- statc at 2573.5 keV, which was first reported by

Khoo and Lovholden with the ‘7’Yb(a,2n) i7~Hf ~eactlOll~ 7 decays I

to the 16+ state at 2446 keV with an M2 (126 keV) transition,

to the 13- state at 2433.3 keV with an Ml (140.3 keV) tran-

sition, and to the 12- state et 2136.5 keV with an E2(437.O keV)

transition. The half-life of this !4- state 1s 68 vs. This

state is consldered7 as a four-quasi-particle state with

COtIflQUra~lOnS {’~2[624]n + 7/a[514]n + 7/a[404]p + ‘/a[402]p}14-.



The level energy of the 16+ state was determined to be

2446 keV with internai conversion lines associated with a weak

M4 (309.50 keV) transition to the 12- state at 2136.5 keVj8

the 16+ state decays predominantly to the 13- state at

2433.3 keV. This 12.7-keV transition is > 99% E3, and occurring

mainly by internal conversion. The five-times K-forbidden E3

transition has a large hindrance factor) the half-life of the

16+ state 1s 31 yr. This state is considered as four-quasi-

perticle state with configuration {9/2[624] n + 7/z[514]n +
+ ‘/z[514]P}~6+07/z[404]p

Figure 4 shows the partial decay scheme of 17sYb(a,2n)170Hf

reaction. 7

lf the 16+ level energy is determined by the M4 309.5-keV

transition (16+ +

between 14- to 16+

observed in (a,2n)

The lnterband

12-) to be 2446.0 keV,8 then the transition

would be 127.5 keV as compared with 126.1 keV

reactions of Khoo and L$vh$iden.7

transitions from the upper 8- band directly

to the lower 8- band appear to dominate any intraband

transiticu’hs. While such behavior provides a signature of

mixing t?etween the bands, the absence of the intraband transi-

tion in the upper 8- band requires explanation, which is not

offered by Khoo and L$vh$lden.7

In a Coulomb excitation study, Hamilton & kg found

that the lower Km = 8- isomer (Tlh= 4 s) was populated. The

mechanism for the population is not understood. Hypothetically

there exists a state connected to the ground-state band by an

E2 transition. It is possible for this state to be excited via

multiple Coulomb excitation and yet have a strcng coupling

directly (or perhaps through an intermediate state) to the

lower U = 8- band.9

The half-llves of other possible modes of decay have been

astimated8 for

1. B-decay to high-spin states of ‘7’Ta\ T1,2- lU’ vr~



2. electron caoture to high-spin states of 170Lu~ TL,2N 3 x

10’ yr;

‘7@Yb~ 114 2 6 x 10° yr; and3. a decay to

4. spontaneous fission, 11 -
4

10’ yr.

Possible Mechanism to Induce fast De-Excitation—..— -— .—.—

1. Neutron inelastic scattering; 17snaHf(n,n y)i7eHf

The fact that the 16+ isomerlc state can be produced by

neutron capture of ‘77Hf indicates that the incoming neutron

Can induce changes in single-particle O1bitals.

Table 1 lists cross sections for the (n,Y) population of “

variolls states in
17~Hf. TO populate the 8- states, the

incoming neutron must convey four units of angular momentum to

populate neutron orbital ‘/2[624] or to excite one proton to an

orbital Of ‘/2[514]. The difference In cross section leading to

the two 8- levels can be understood in terms of dlf?’erent

mixing. TO populate the 16+ state, the incoming neutron must

be, in the higher neutron orbital ‘/2[624], as well as excite one

proton from ‘/2[404]to ‘/2[514].

With

will lead

1.

neutron inelastic scattering, the following cases

to fast de-excitatlonl

Excitation of the proton from the ‘4[514] orbital to

‘/a[402] results in pop~lation of the 14- state, which has n

68-IJS half-life.

2. The two Km ❑ 1- bands,

coupllng of the same neutron and

bands, but aligned oppositely,

200 kew above Km = 8- bands.
Kfi ❑ 9+ and 7+ bands based on

which can be considered es the

proton orbltals as the Km = 8-

have levels l~catod less than

It is quite possible that the
different alignment of four-

quasi-particle ‘/z[624]n? ‘/2[514]n, ‘/z[4t14]u and ‘/z[514]p are

Iiot too far above the 16+ state, Levels in both the 9+ and 7+

bands should have short helf-llves.



3. The 1/2[541] proton orbital lies between the ‘/2[514]

and ‘/2[402] or bltals. A four-quasi-particle state with I, Km =

12, 12+9 based on {“2[514]n + ‘~a[624]n + ‘/z[404]p +

l/z[541]p }12+S may exist, between the 16+ and 14- levels. With

its lower K value, it should decay rapidly to the lower 8- band.

II. Interaction with Intense Photon Fields

1. With the 14- level only 126 keV above the 16+ level,

the nucleus may be excitable from 16+ to 14- by photon

(gamma-ray) resondnce absorption.

2. Enhancement of nuclear B-decay with laser and rf

fields, which hes been proposed by several investigatorsll

should also apply to the internal conversion process. The

decay of the 16+ to the 13- and 12- levels by internal con-

version should be enhanced when 17em2Hf nuclei are exposed to

intense rf\laser\synchrotron radiatlun fields. Such exposure

170Ta or electron capture tomay also enhance the B-decay to
17@Lu0 Present evidence j~~lcaces, however, that the enhance-

ment factor may be very small.11

11“1. Interaction with a High-Energy, High-Current Ei*:ctron

Beam

It is nor difficult to find high-energy (- 20 MeV~, high -

current (- 1 kA) electron beams For application to the following

two cases:
z

1. Electron lnulastlc scattering may change sinqle-

particle orbitals, like for neutron inelastic scattering, EO

lower K levels that will decay rapidly.

2. The first fsw nuclear excited $tates can be populated

due to a thermal equilibrium effect.12 When the 16+ isomer 1s

exposed in high-power electron beams, many levels above 16+ may

become gopulat.ed, and these levels COUICI decay rapidly.



Proposed Experiments—.

At present, theoretical knowledge and computational

capability are inadequate to predict the enhancement of de-

excitation~ therefore, experiments are proposed to establish

any decay-rate enhancement.

The following facilities at Los Alamos (or facilities

elsewhere) can be used:

1. PSR-WNR for neutron inelastic scattering experiments.

2. The PHERMEX facility fur electron beam, rf field, and

gamma-ray (bremsstrahlung) experiments.

3. C02 or KrF lasers for laser interaction experiments.

The experimental techniques are common to all these

laboratory experiments. Regardless which mechanism induces fast

decay, the intraband transitions in the lower 8- band provide

the signature (except fcr B-decay and electron-capture). The

ideal set-up will include several gamma-ra!~ detectors placed at

different angles with respect to the beam line. Single gamma

sp’ectra and coincidences between any pair of detectors will be

recorded with multichannel analyzers. Increases in intraband

transition intensities imply that fast de-excitation has been

induced. The coincidence spectra will yield additional

information of the energies of new” levels excited, and the

angular distribution of neti gamma rays or w(e) with known

gamma rays may be used to determine the spins and parities of

these new levels,

Conclusions———— .-.

1. We have enough information to understand the structure

of the ‘7’Hf nucleus and to propose mechanisms for inducing

rapid de-excitation. However, the existing nuclear theory Is

inadequate to predict microscopic behavicr such as the exact

locations of proton and neutron orbltals and how they couples

reaction cross-sections, and decay rate enhancement.



2. We have access to macroscopic quantities of 17amlHf,

and several facilities in Los Alamos are available for decay-

rate enhancement experiments.

3. The proposed experiments will determine whether or not

highly enhanced decay rates of excited states can be achieved.

If enhanced decay rates are found, a new source of very high

specific energy yield material will be available.
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Proton Orbitals Neutron Orbitals
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Fig. 3. Relative positions of the single-particle orbitals
in region of Z = 72 and N = 106. The Fermi
surface for the neutron and proton system in ‘l~Hf
is indicated by the symbol F.
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Table 1. Cross sections for (n,y) population of various states in 17’Hf (see Ref. 3 and 9).

Crass Section
State E(keV) Iw Single-particle orbitals (barn)

Initial o 07

Final o 0+

1147 8-

1479 8-

2446 16+

{(7/2[4041p)~+ ‘/2[514]n\vE

{ I(%[404]P]S + (~2[514]n)~,+ 365

1

36%{(7/z[404]P + ‘/z[514]P)o_+ (7/2[514]n)~ , 0.93

I
+64% (7/z[404]P)~ + (7/2[514]n + ‘/2[624]n)O_ ~_

64%~(7~z[4~4]P + ‘/2[5~4]P)o-+ (7;2[514]n)~ ] ,_ 0.25

I+36% (~a[404]P]~ + (7/2[514]n + ‘/2[624]n)0-~ O-

~h[404]p + %[514]P + 7/2[5~4]n + ‘/2[624]n\16+ (2 2 1) x 10-7


